To explore the effects of fertilization on physiological and biochemical parameters in the blood of the Wumeng semi-fine wool sheep and select the optimum fertilizer type, we carried out fertilization and grazing experiments on the perennial artificial grassland in Wumeng Prairie. The content of mineral elements in soil, forage and animal tissues was analyzed by atomic emission spectrometry. The blood parameters were analyzed by automatic blood cell analyzer and the blood biochemical parameters were detected by automatic biochemical analyzer. The results showed that fertilization significantly increased nitrogen content (P<0.01), but there was no significant difference between different fertilization treatments. Ammonium sulfate substantially increased the sulfur content of forage (P<0.01) and dramatically decreased the selenium content of forage (P<0.01). At the end of the grazing experiment, the content of copper, iron and selenium in the blood of the Wumeng sheep in the grassland enriched with ammonium sulfate was significantly lower than that in the grassland enriched with ammonium nitrate and the control group (P<0.01), and the sulfur content in the blood of the animals was obviously higher than that in the prairie enriched with ammonium nitrate and the control group (P<0.01). Ammonium sulfate fertilization evidently reduced the hemoglobin and erythrocyte hematocrit capacity of the sheep (P<0.01), while serum ceruloplasmin content, serum superoxide dismutase activity, serum glutathione peroxidase activity and serum catalase activity were significantly lower than that in the prairie enriched with ammonium nitrate and the control group (P<0.01). There were no significant differences in other trace elements, blood parameters and serum biochemical parameters between the fertilization treatment and the control group. Consequently, it is concluded that ammonium sulfate fertilization inhibit the metabolism of trace elements and decline some of the blood physiological *Fertilization in prairie: Choose 180 kg nitrogen per hectare grassland as the amount of experiment nitrogen fertilizer. We calculated the weight of fertilizer by electronic balance and fertilized by artificial sowing. The experiment was divided into 3 treatments. Treatment 1: ammonium sulfate [(NH 4 ) 2 SO 4 ]
are closely related to the physiological and biochemical parameters of the organism. Grassland fertilization will directly or indirectly affect the trace element content in forage, simultaneously affect the physiological and biochemical parameters of grazing animals through the food chain, and further influence the growth and health of the organism. If the essential trace elements are insufficient in plants and animals, their growth and development will be seriously affected, with subsequent various diseases and even death [4] . Consequently, the research of trace elements in the soil-grass-livestock system cannot only understand the circulation rule of trace elements in the soil-forage system and the nutritional status of grazing animals, but also have important theoretical and practical value for the management of artificial grassland livestock systems.
The purpose of this study is to explore the effects of prairie fertilization on the mineral metabolism and physiological and biochemical parameters of the Wumeng semi-fine wool sheep, find the most suitable fertilization method and fertilizer species for the perennial artificial grassland in Wumeng Prairie, and provide a basis for the efficient management of the soilgrass-livestock system in the prairie.
Materials and Methods

Study Area
The experimental grassland is located in Wumeng Prairie. The grassland type belongs to the perennial artificial grassland. The prairie is located at 102°37'E-106°35'E, 25°36'N-28°36'N. The climate is characterized by cold winters and cool summers. The annual average annual temperature is 11.1ºC and the annual average rainfall is more than 950mm. The altitude is more than 1600m with the highest altitude 2867m. The main plant species are: Lolium perenne L., Trifolium repens L., Carex rigescens (Franch)V. Krecz, Festuca ovina L., Poa annua L., V Potentilla discolor Bge and Potentilla fulgens Wall. ex Hook.
Introduction
The Wumeng Mountains are the most important ecological barrier in the middle and upper reaches of the Yangtze and Pearl rivers. It is the essence of grassland and animal husbandry in southern China. Wumeng Prairie, one of the most important prairies in the Wumeng Mountains, is the highest alpine pastoral area with the largest area in southwestern China [1] . The contradiction between land resources and a large population in the region has become increasingly prominent, and the ecological footprint far exceeds the ecological carrying capacity [1, 2] . With abundant water and heat resources, the prairie is a favorable environment for the growth of phytoma. The forage resources are very rich, and the development of mountain ecological animal husbandry has unique natural conditions [1] [2] [3] . The development of grassland and ecological animal husbandry in the prairie is strategic for improving the productivity of agriculture and animal husbandry, increasing the income of the poor, and controlling the ecological environment [2, 3] .
In recent years, the rapid growth of livestock population and the irrational use of grassland resources has resulted in grassland degradation and desertification, the reduced grass yield, and the severely damaged grassland ecosystem function [3] . The Wumeng sheep are mainly distributed in the Wumeng Mountains at the junction of Guizhou, Yunnan and Sichuan provinces. The prairie is its core production area, with an amount of 1.15 million Wumeng sheep on hand [1, 3] . The sheep, whose meat and wool are both used, was a kind of breed crossbred by native sheep and Corriedale. After upgrading from 1974 to 1981, cross-breeding from 1982 to 1984, expansion and promotion from 1984 to 1990, the Wumeng sheep formed a sheep breeding population with better production performance and relatively stable genetic performance [4, 5] . The weight of adult rams and ewes is 51.62±5.37 kg and 41.32±5.73 kg, respectively. The average wool yield of adult rams and ewes is 5.66 kg and 4.22 kg, respectively. The wool length of adult sheep is 9.33-13.94 cm and the net wool rate is 56.72%. The slaughter rates of the one-yearold wether and adult wether are 47.37% and 52.12%, respectively. The lambing rate is 106.79% [2] . The sheep have high production performance, strong adaptability to alpine pastoral area and gentle temperament. As an excellent variety cultivated for many years, they are easy to manage and play a key role in the development of animal husbandry in the prairie. Trace elements are the most important nutrient for animals and plants, and and biochemical parameters in the sheep, which has a negative effect on their health, so we have suggested that the use of ammonium sulfate fertilizer should be reduced in pastures with low selenium, iron and copper contents.
Keywords: fertilizer treatment, ammonium sulfate, perennial artificial grassland, Wumeng semi-fine sheep, trace element, metabolism fertilization. Treatment 2: ammonium nitrate (NH 4 NO 3 ) fertilization. Treatment 3: control group, no fertilization. The experiment began July 1, 2017 and ended October 1, 2017. Selection of grazing animals: we chose 18 rams of one-year-old sheep (20 kg weight with similar development and nutrition status, health testified by clinical examination), randomly divided them into 3 groups with 6 in each group and then randomly assigned them to the experimental prairie.
Sample Collection
Before the start of the experiment, soil samples were collected in the fertilization and control prairies. Respectively we collected 10 samples in treatment 1, treatment 2 and treatment 3, with a depth of 1-20 cm. The soil samples were bagged after removing debris such as stones and residual roots. At the start and end of the experiment we respectively collected 10 mixed grass samples that were collected in treatment 1, treatment 2 and treatment 3, and collected jugular blood from 18 test animals (15 ml per animal).
Sample Preparation
Forage samples were naturally air-dried at 20-25ºC, crushed, and then sieved through 0.175 mm sieve and bagged for use. Before the test, the wall of the digestive tract was rinsed with a small amount of deionized water. Then we took approximately 0.5 g soil samples into the digestive tract, added 6 ml nitric acid (HNO 3 ) and 1 ml hydrogen peroxide (H 2 O 2 ), shook well, and let it statically set for 10 min. The samples were based on microwave digestion procedure, cooled, and transferred into 100 ml volumetric flasks and diluted to scale [6] .
Blood samples were anticoagulated with heparin sodium. After the blood became cold, it was transported back to the laboratory at a low temperature (4-8ºC) in 4 h for the analysis of mineral elements, blood routine, physiological and biochemical indexes and antioxidant indexes.
Analysis of Mineral Contents
The content of mineral elements in soil, forage and blood was determined by inductively coupled plasma atomic emission spectroscopy (ICP-AES) [5] . The determination instrument is an inductively coupled plasma emission spectrometer (HK9600 Type Atomic Emission Spectroscope, Huaketiancheng Co., Ltd, China). At the start of the determination, we turned on the inductively coupled plasma emission spectrometer based on its operation program and entered the operating software of the Winlab32 system. After the plasma was ignited, the blank solution, the standard solution and the sample solution were sequentially tested.
Physiological and Biochemical Examination
White blood cell count (WBC), red blood cell count (RBC), hemoglobin concentration (HGB), hematocrit (HCT), mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH) and mean corpuscular hemoglobin concentration (MCHC) in whole blood were detected by automatic blood cell analyzer (SF-3000, Sysmex-Toa Medical Electronics, Kobe, Japan). The activity and content of alanine aminotransferase (ALT), alkaline phosphatase (AKP), lactate dehydrogenase (LDH), aspartate aminotransferase (AST), glutamyl transpeptidase (γ-GT), blood urea nitrogen (BUN), total cholesterol (Chol), ceruloplasmin (Cp), superoxide dismutase (SOD), glutathione peroxidase (GSH-Px), catalase (CAT) and malondialdehyde (MDA) in blood plasma were detected by automatic biochemical analyzer (OLYMPUS AU 640, Olympus Optical Co., Tokyo, Japan). Quality control serum (Shanghai Biochemical Co., Shanghai, China) was used to validate blood biochemistry data).
Statistical Analysis
The study data was analyzed by SPSS20.0 for Windows statistical software. After the test, we found that the data distribution was normal distribution. The difference of mineral elements in forage in different varieties and different periods was analyzed by one-way ANOVA. Data are expressed as mean (x ) ± standard deviation (S).
Results and Analysis
Effects of Fertilization on Nutritive Value in Forage
Fertilization markedly increased nitrogen content of forage (P<0.01), but there was no significant difference between different fertilization treatments. The content of sulfur in forage enriched with ammonium sulfate was significantly higher than that enriched with ammonium nitrate fertilization and control group (P<0.01), but there was no significant difference between the forage enriched with ammonium nitrate fertilization and control group (Table 1 ).
Effects of Fertilization on Mineral Contents in Forage
The content of selenium in forage enriched with ammonium sulfate was significantly lower than that enriched with ammonium nitrate and control prairie (P<0.01), but there was no significant difference in selenium content of forage between ammonium nitrate fertilization prairie and control prairie. Fertilization of ammonium sulfate and ammonium nitrate had no significant effect on the content of other trace elements in forage ( Table 2 ).
Effects of Fertilization Treatment on Mineral Content in Blood
At the beginning of the experiment, the content of mineral elements in blood of the Wumeng semi-fine sheep did not differ significantly among each treatment. At the end of the experiment, contents of zinc and sulfur in the blood of sheep in the prairie enriched with ammonium sulfate was significantly higher than that in the prairie enriched with ammonium nitrate and control prairie (P<0.01). But contents of zinc and sulfur in the blood of the sheep in the prairie enriched with ammonium nitrate had no significant difference from that in the control prairie. Contents of copper, iron and selenium in the blood of the sheep on the grassland enriched with ammonium sulfate was significantly lower from that in the grassland enriched with ammonium nitrate and the control group (P<0.01). But content of copper, iron and selenium in the blood of the Wumeng semi-fine wool sheep on the prairie enriched with ammonium nitrate has no significant difference with that on the control group. Fertilization of ammonium sulfate and ammonium nitrate had no significant effect on the contents of other blood parameters ( Table 3 ).
Effects of Fertilization on Physiological Parameters in Blood
At the beginning of the experiment, the blood parameters of the sheep did not differ significantly among treatments. At the end of the experiment, the 
Effects of Fertilization on Biochemical Parameters in Serum
There was no significant difference in serum antioxidant enzymes at the start of the experiment. At the end of the experiment, serum ceruloplasmin, superoxide dismutase, glutathione peroxidase and catalase of the sheep in the prairie enriched with ammonium sulfate were significantly lower than that in prairie enriched with ammonium nitrate and control group (P<0.01). But these parameters had no significant difference between ammonium nitrate fertilization prairie and control group. Ammonium sulphate and ammonium nitrate fertilization had no significant effect on lactate dehydrogenase, alkaline phosphatase, aspartate aminotransferase, alanine aminotransferase, glutamic-pyruvic transaminase, blood urea nitrogen and total cholesterol of the sheep (Table 5 ).
Discussion
Mineral elements are one of the main nutrients for plants and animals [5] , but its absorption and utilization are affected by many factors. Previous studies have shown that ammonium sulphate fertilization significantly increases the sulphur content of the forage without increasing the forage yield. A study in the Shouqu Alpine Meadow of the Yellow River was carried out for three consecutive years, the results of which showed that the sulphur content in the forage was 0.23% with 86 kg/ha ammonium sulphate for fertilization, 3.0% with 174 kg/ha ammonium sulphate for fertilization and 0.1% when there was no sulphur fertilizer [4] .
Values
Ammonium Note: with different superscripts within a line indicate significant differences at 0.01 levels. In the current study, fertilization with ammonium sulfate containing 180 kg nitrogen significantly increased the sulfur content of the forage [6, 7] . Simultaneously, studies have shown that sulphur can interfere with the absorption of copper and then cause the lack of copper in Wumeng sheep. Copper is an essential element for the catalytic activity of superoxide dismutase. Superoxide dismutase cannot maintain its activity when any other element replaces copper ions. Therefore, the lack of copper in animals will seriously affect the activity of superoxide dismutase [5, 6] .
The effect of copper deficiency on catalase is affected by the effect of blood iron levels. The lack of copper in animals and the decrease in liver copper storage eventually lead to the decrease of copper concentration and ceruloplasmin concentration in blood. Whereas ceruloplasmin can carry Fe 3+ out of the cell through the cell membrane, the reduced concentration of ceruloplasmin causes the iron stored in the tissue not to be mobilized. Then iron will be retained in phagocytic cells, iron stored in cells cannot enter the bloodstream, and iron accumulates inside the cell membrane, causing a decrease in blood iron content [7] [8] [9] . Catalase is a heme enzyme. Although the structure of catalase from different sources is different, most of them are composed of four identical subunits, each of which has more than one active part centered with a high degree of spin Fe 3+ [10] [11] [12] . When the iron content is reduced, it will inevitably cause a decrease in catalase activity, which will damage the organism's antioxidant system function. Catalase is one of the key enzymes in the biological defense system established by organisms in the process of evolution. It is ubiquitous in almost all respiratory organisms and plays an important role in the membrane system that scavenges hydrogen peroxide and protects cells [13] [14] [15] .
Sulfur is an important factor affecting the absorption of selenium by plants. The solubility of selenate in soil is greater than that of selenite, which often coexists with sulphate and is easily absorbed by plants [16] [17] [18] . There is an antagonistic effect between sulphate and selenate. At the root of the plant, selenate competes with sulphate for the same absorption site, that is, selenate and sulphate are bound to the same carrier on cell walls at the root of the plant with the same affinity, so that the concentration ratio of the two substances determines the extent to which they are absorbed [19, 20] . Consequently, the interaction between sulfur and selenium is the main reason for the decrease of selenium content in forage with ammonium sulfate fertilization. Selenium is one of the essential mineral elements in humans and animals. It is the active central element of glutathione peroxidase. Glutathione peroxidase can remove peroxide and hydrogen peroxide from the organism [21] [22] [23] . Selenium plays an antioxidant role mainly through glutathione peroxidase, and selenium deficiency causes a decrease in glutathione peroxidase activity, which seriously affects the organism's antioxidant system function [24] [25] [26] [27] .
Conclusions
In summary, applying ammonium sulfate fertilizer in low copper forage can increase sulfur content and decrease selenium content in forage, causing selenium and copper deficiency in animals through the food chain due to the interaction of copper and sulfur in the ecosystem. Therefore, it is not suggested to use sulfur-containing fertilizers in prairies with relatively low copper and selenium contents. Applying sulfur-containing fertilizers in low-copper prairies will result in the deficiency of secondary copper in ruminants of grazing animals because of the increase of sulphur content in plants. Applying sulfur-containing fertilizers in prairies with low selenium content will reduce the selenium content of forage, lead to the selenium deficiency of animals, affect the growth and development of animals, cause various diseases of animals and, ultimately, adversely affect the whole ecosystem through material circulation and energy flow.
